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Introduction

The semi-enclosed land-locked config-
uration of the Mediterranean region at
the European-African collision zone
makes it suitable to register sedimen-
tary provenance changes resulting
from both plate tectonic processes
and changes in palaeoclimate (e.g.
Krijgsman, 2002). The Miocene geo-
dynamic evolution of the Mediterra-
nean region was controlled largely by
the subduction of the African plate
under the European margin. These
plate tectonic processes were ongoing
throughout the entire Miocene, but
were also marked by a strong, Medi-
terranean-wide, increase of tectonic
activity in the late Tortonian (Carmi-
nati et al., 1998; Wortel and Spakman,
2000; Hüsing et al., 2009). Late Tor-
tonian climatic reconstructions reveal
substantial changes, especially on the
North African continent which is
thought to have been much more
humid than today (e.g. Griffin, 2002;
Gladstone et al., 2007). A proxy to
trace African climate is aeolian dust
input off the coasts of Africa, which
decreases with increasing humidity
as shown by Pliocene case studies

(Ruddiman et al., 1989; deMenocal
et al., 1991).
Studies of Mediterranean sedimen-

tary archives have demonstrated that
geochemical proxies can be indicative
of different sediment origins and that
they can be linked to changes in the
environmental conditions of Mediter-
ranean and African source areas (e.g.
Bergametti et al., 1989; Wehausen and
Brumsack, 1998; Lourens et al., 2001;
Larrasoaña et al., 2003; Köhler et al.,
2008). Recently, the astronomically
dated marls of the Metochia section
on the island of Gavdos (Fig. 1) were
studied to track provenance changes
in the eastern Mediterranean during
the late Miocene (Köhler et al., 2008).
The palaeogeographical location of
the section within the fluvio-lacustrine
drainage system of the southern Ae-
gean landmass (e.g. Fortuin, 1978)
and its relative proximity to the North
African margin make it ideal to trace
variations in Aegean sediment supply
as well as changes in the North
African monsoon. The multiparame-
ter dataset from Metochia revealed
concurrent changes in Aegean and
African sediment supply in the late
Tortonian, raising the question
whether a causal relationship exists.
We attempted to reassess the timing
and nature of climatically and tecton-
ically induced changes in late Torto-
nian sediment provenance and their
temporal evolution in the eastern
Mediterranean region.

Concurrent tectonic and climatic
changes in the Metochia marls

The Metochia section on the island of
Gavdos, located south of Crete
(Fig. 1), provides an ideal archive
spanning the period between 9.7 and
6.6 Ma (Hilgen et al., 1995; Krijgs-
man et al., 1995). The age model of
the Metochia section (Hilgen et al.,
1995; Krijgsman et al., 1995) was
updated with revised orbital ages
[Fig. 2, Laskar et al. (2004)]. The
sedimentation rate, presumed to be
dominated by Aegean terrigenous
supply being drained by fluvial sys-
tems into the Gavdos basin (Fortuin,
1978; van Hinsbergen and Meulenk-
amp, 2006), shows a steady decline
and remains at low values from
c. 8.15 Ma onwards (Fig. 2).
The marls of the Metochia section

contain a mixture of sediments from
the Aegean and North African regions
(Köhler et al., 2008). Aegean prove-
nance is traced by Nickel (Ni) and
Chrome (Cr), as their presence can be
linked to sediments derived from
ultramafic rocks, well-known from
Crete (Koepke et al., 2002), having
high Ni and Cr concentrations (Wed-
epohl, 1969; Wehausen and Brum-
sack, 2000). The Ni- and Cr-MARs
(mass accumulation rate) show vari-
able but declining values upsection
with a drop to intermediate values
between 8.4 and 8.2 Ma and to min-
imal values at 8.15 Ma. Provenance
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from North Africa is traced by the
aeolian dust proxies hard isothermal
remanent magnetisation (HIRM) and
anhysteretic remanent magnetisation
(ARM) (e.g. Larrasoaña et al., 2003).
These magnetic proxies have inter-
mediate to maximum peaks and fluc-
tuations prior to 8.2 Ma (Fig. 2), the
HIRM being more variable between
9.3 and 8.65 Ma. Between 8.65 and
8.15 Ma, both parameters have max-
imal values suggesting increased
North African dust input (Fig. 2),
followed by a marked drop in North
African dust input interestingly also at
8.15 Ma (Fig. 2).
Fuzzy c-means clustering (FCM) is

a multivariate statistical approach
with which to partition data based
on similarities and dissimilarities with-
in a multivariate space (Bedzek et al.,
1984). Cluster centres represent loca-
tions in the data space to which each
sample can be compared and assigned
a membership value based on a dis-
tance metric (membership values

range between 0 indicating �no simi-
larity� and 1 corresponding to �identi-
cal�). The FCM solution provides an
optimal balance between maximising
the separation of the cluster centres
and minimising the distance between
the samples and their nearest cluster
centre. NLM is a projection technique
with which a multidimensional dataset
can be mapped into a lower dimen-
sional space whilst preserving its
inherent structure (Sammon, 1969).
This is archived by determining the
low dimensional sample configuration
which best preserves the distances
between the samples in the original
measurement space. When both the
FCM and NLM show similar group-
ings, then the cluster solution is
assumed to be robust (Köhler et al.,
2008). The following input parameters
were chosen for the FCM ⁄NLM anal-
ysis: Ti ⁄Al for aeolian vs. fluvial
transport (e.g. Larrasoaña et al.,
2003), HIRM for North African dust
input, Ni ⁄Al for Aegean sediment

supply, Al-MAR for total terrigenous
sediment supply, CaCO3 for marine
productivity and Mn ⁄Al for diage-
netic processes (e.g. van Santvoort
et al., 1997). Through the combina-
tion of these proxies, the data were
integrated into a four-cluster model
(Köhler et al., 2008).
Two contrasting �pairs of clusters�

were defined based on the cluster
centre locations in the multivariate
space: high vs. low Aegean input
clusters and high vs. low North Afri-
can dust input clusters (Fig. 3a,b).
The Aegean input clusters have high
Ni ⁄Al and Al-MAR values and rep-
resent the highest terrigenous input.
The African clusters are represented
by high HIRM and Ti ⁄Al values.
Sample membership to these clusters
(Fig. 3a) show that the high terrige-
nous cluster centres (�high Aegean�
and �high North African dust�) dom-
inated from 9.4 to 8.2 Ma and that
�low Aegean� and �low North African
dust� cluster centres became important

Fig. 1 Top: geological map of Crete and Gavdos (Meulenkamp, et al., 1988, van Hinsbergen and Meulenkamp, 2006). The Ni-rich
source areas (ophiolites) are marked in red; they are located within the drainage area of the fluvio-lacustrine system. Bottom: the
two settings described in the text (landmass in orange and sea in blue). Left: Crete and the Aegean region forming a landmass and
being drained to the West. Right: the Aegean landmass being fragmented (modified from: Meulenkamp and Hilgen, 1986,
Meulenkamp, et al., 1988, van Hinsbergen and Meulenkamp, 2006).
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after 8.2 Ma. Thus, the drop in
Aegean sediment supply coincides
with a drop in North African dust at
c. 8.2 Ma (Fig. 3a). Vertical shifts on
the NLM plot appear to represent
movement between high terrigenous
and in situ marine sediment sources
(Fig. 3b), with little influence of
Aegean or North African provenance.
NLM y-axis values plotted as a func-
tion of age reveal a change from high
Aegean to low Aegean input between
c. 8.2 and 7.9 Ma (Fig. 3c).

Late Tortonian tectonic changes in
the Aegean source

Our analyses indicate that a significant
change in the Aegean area occurred at
c. 8.2 Ma. The Cretan upper Torto-
nian documents a transition of exten-
sion directions and deformation
style, associated with curvature of
the Aegean arc (e.g. van Hinsbergen
and Meulenkamp, 2006) during south
(west)ward roll-back of the African

slab (Le Pichon and Angelier, 1981;
Jolivet, 2001; van Hinsbergen et al.,
2005). Early to middle Miocene N–S
extension on Crete was accommo-
dated along low-angle extensional
detachments, exhuming high pres-
sure–low temperature metamorphic
rocks (Fassoulas et al., 1994; Jolivet
et al., 1996; Thomson et al., 1998;
Rahl et al., 2005). These were dis-
sected by upper Tortonian high-angle
normal faults during E–W extension,
foundering deep-marine basins (Meu-
lenkamp et al., 1988; Fassoulas et al.,
1994), estimated by van Hinsbergen
and Meulenkamp (2006) to occur
between 9 and 7 Ma. Upper Torto-
nian syn-tectonic sedimentary se-
quences that may document this
phase mainly consist of coarse clastics
and are unsuitable to provide more
accurate ages for this phase.
The sudden starvation of theAegean

sediment source on Gavdos suggests
that the drainage systems on Crete,
providing erosion material from the

southern Aegean landmass, were dis-
connected from the Gavdos sink at
c. 8.2 Ma, probably dating the Cretan
late Tortonian break-up event. This
age is in line with vertical motion
resconstructions of the Kastelli section
(on south-central Crete (van Hinsber-
gen and Meulenkamp, 2006): Palaeo-
bathymetric reconstructions by means
of planktonic ⁄benthic foraminifera ra-
tios show a deepening from �400 to
900 m between c. 7.9 and 7.5 Ma, after
which the section was deep-marine
until at least 7.1 Ma. Assuming a
constant sedimentation rate and using
the age-stratigraphic constraints of
Langereis (1984) and Krijgsman et al.
(1994), the main transgression at Kas-
telli‘ would have occurred between
c. 8.4 and 8.1 Ma (Fig. 4).
Starvation of Aegean sediment sup-

ply on Gavdos was therefore probably
related to tectonic changes causing an
episode of basin foundering on Crete.
Our multiproxy analyses on the
Metochia marls, combined with inter-

Fig. 2 Lithology and magnetostratigraphy (modified from Krijgsman, et al. (1995)) and age profiles of proxies of the Metochia
section described in the text. The lithology: white intervals represent homogeneous marls, the dark grey sapropels. The
magnetostratigraphy: black = normal and white = reversed polarity; grey = unreliable directions. The Metochia section was
correlated to the GPTS of CK95 (Cande and Kent, 1995) by Krijgsman, et al. (1995). The Ni- and Ch-MARs trace the Aegean
landmass sediment supply. The magnetic parameters trace the North African dust component; the HIRM was calculated using a
saturation field of 2500 mT and a backfield of 300 mT (Köhler et al., 2008), the ARM was imparted under a DC bias field of 50 lT
and a peak alternating field of 100 mT. The light grey lines indicate the data, the thick, black lines represent a three point running
mean plot to highlight the important changes.
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polated subsidence rates of the
Cretan basins, now show that the
Cretan-wide onset of E–W extensional
basins can be accurately dated at
8.2 Ma.

Late Tortonian climatic changes in
the North African source

Analyses of theMetochiamarls suggest
a major change in North African sedi-

ment supply at c. 8.2 Ma, previously
interpreted as a shift to a more humid
North Africa (Köhler et al., 2008) pos-
sibly associated with intensification of
the North African monsoon system
(Rohling et al., 2002). A late Miocene
change towardsmorehumidconditions

(a)

(b)

(c)

Fig. 4 Paleobathymetry curve of the
Kastelli section modified from (van
Hinsbergen and Meulenkamp, 2006).
Extrapolating the subsidence curve
(assuming more or less constant sub-
sidence) gives an age onset of submer-
gence clearly coinciding with the
transitional period identified in the
FCM. This period covers the time
interval when the high Aegean cluster
becomes replaced by the low Aegean
cluster, describing a change in terrige-
nous input from the Aegean region.

Fig. 3 The results from the FCM and
NLM analysis (Köhler et al., 2008, see
AppendixA for data). (a) The cumulative
membership plot obtained from FCM
shows how the memberships of the
individual samples vary over time. The
colours are indicative of climate change
in North Africa: blue colours indicate
humid North Africa with low dust input,
whereas the red colour variations show
arid North Africa with high dust input.
(b) The NLM provides a low-dimen-
sional representation of the proxy data
set, individual samples are marked with
points which are colour-coded according
to the fuzzy cluster-centre to which they
are assigned (transitional samples which
have no clear assignment to any cluster
centre are shown as smaller black circles)
(Köhler et al., 2008). (c) The NLM y-axis
values of the samples plotted as a func-
tion of age reveal a change from high
Aegean to low Aegean input (the black
line is a 3-point running mean). The
hatched bar indicates the time interval
when the high Aegean cluster becomes
replaced by the low Aegean cluster,
describing a change in terrigenous input
from the Aegean region.
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is also documented off the West and
East African coasts by reduced dust
input (Ruddiman et al., 1989; deMen-
ocal et al., 1991). Conversely, the Lake
Chad area was covered by upper Tor-
tonian lakes (Lihoreau et al., 2006) and
river systems drained towards theMed-
iterranean Sea (Griffin, 2002; Glad-
stone et al., 2007).
However, to create such humid

conditions in North Africa, the north-
ern limit of the intertropical conver-
gence zone which largely influences
the African monsoon system, would
need to shift as far as �22�N, passing
the central Saharan watershed (Roh-
ling et al., 2002; Larrasoaña et al.,
2003). In addition, it has been argued
that the North African monsoon sys-
tem was linked to the Asian monsoon
system (Griffin, 2002), which showed
an enhancement during the late Mio-
cene (Kroon et al., 1991, An, et al.,
2001). Fluteau et al. (1999) showed
that an intensification of the Asian
monsoon system would also enhance
the Easterly Tropical Jet, thus
decreasing moisture availability over
North Africa. Alternatively, Sepulchre
et al. (2006) argued that the uplift of
the Ethiopian Plateau barrier led to a
drastic reorganisation of the atmo-
spheric circulation associated with
strong North African aridification
after 8 Ma. Consequently, we find no
conclusive evidence from climatic and
palaeoenvironmental studies support-
ing a decreased dust flux because of
intensification of the monsoon system
in North Africa at 8.2 Ma.

Coeval changes resulting from
Mediterranean sink adjustment

In addition to the absence of
evidence for climate change in the
North African source area at 8.2 Ma,
a compelling fact is that our proxy
record indicates precisely coeval
Mediterranean tectonism. We find it
unlikely that the alleged African
monsoon intensification is precisely
simultaneous with, but completely
unrelated to Aegean tectonics, or that
Aegean tectonics had such a strong
climatic effect on North African cli-
mate. In contrast, a mechanism that
can explain these coeval changes is a
late Tortonian reorganisation of
Mediterranean depositional environ-
ments, including the sink region at
Gavdos.

The late Tortonian is characterised
by Mediterranean-wide palaeogeo-
graphical and palaeoceanographic
changes that significantly affected pal-
aeoenvironmental conditions in vari-
ousmarine settings (Kouwenhovenand
van der Zwaan, 2006; Hüsing et al.,
2009). These changes have predomi-
nantly been related to tectonic pro-
cesses in the Gibraltar region, affecting
the water exchange with the Atlantic
and the palaeo-circulation patterns in
the Mediterranean (e.g. Benson et al.,
1991; Meijer et al., 2004). Late Torto-
nian disruptions in the water exchange
between theMediterranean and Atlan-
tic influenced the benthic foraminifera
record of the Metochia marls, showing
first indications of a restrictive phase
between c. 8.3 and 8 Ma (Seidenkrantz
et al., 2000), roughly coeval with evap-
orite formation in south-eastern Spain
(Krijgsman et al., 2006). It is conceiv-
able that reduced continentality north
of Crete, following the disruption of
Crete at c. 8.2 Ma, altered atmospheric
circulation patterns and reduced dust
input from the south. These late
Tortonian changes in oceanic and
atmospheric circulationprobably influ-
enced the depositional environments of
the Metochia region as well and could
explain the inferred change in North
African dust proxies. We therefore
prefer a hypothesis in which an
8.2 Ma regional tectonic event influ-
enced the climate proxies by altering
local or regional depositional environ-
ments in the eastern Mediterranean,
resulting in reduced African dust
deposition in the sink area.
This case study from Gavdos is

demonstrative, showing how climate
proxies in tectonically active regions,
when not combined with independent
proxies registering local or regional
tectonic changes, can lead to potential
misinterpretations. Although we can-
not prove the direct cause for the late
Tortonian drop of African dust on
Gavdos, the tectonic instability and
consequent disturbances of local and
regional palaeoenvironments in the
eastern Mediterranean hamper the
straightforward interpretation of
proxy changes in terms of African or
even global climate.

Conclusions

We studied a multiproxy record from
the East Mediterranean Metochia sec-

tion detecting changes in African cli-
mate and Aegean sediment input.
Quantification and integration of these
proxies show a coeval decrease in
Aegean sediment supply and North
African dust around 8.2 Ma. The geo-
logical record from Crete shows that
this event can be correlated in a
straightforward manner to the onset
of a regional E–W extension related
basin foundering. This Aegean
tectonic episode coincides with
Mediterranean-wide tectonic changes,
including the tectonic reorganisation
of gateways in the Gibraltar region.
Interestingly, these tectonic changes
also coincide with an African dust
supply in our section, usually associ-
ated with a North African climate
change towards more humid condi-
tions. Rather than climate change in
the source area, the precise synchro-
nicity leads us to associate the change
in African dust input to changes in the
sink area during the Tortonian restric-
tion phases of the Mediterranean Sea,
related to tectonic reorganisations.
This study shows the potential of
multiproxy analyses to date tectonic
events and illustrates that interpreta-
tions of climate proxies require a
multiproxy approach on well-dated
sedimentary records to asses the com-
bined influence of climate and regional
tectonics.
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Terra Nova, Vol 22, No. 1, 52–63 C. M. Köhler et al. • Eastern Mediterranean tectonic and climatic change

.............................................................................................................................................................

� 2009 Blackwell Publishing Ltd 61



A
p

p
e

n
d

ix
A

C
o
n
ti
n
u
ed

A
g

e

(M
a)

Se
d

im
en

ta
ti

o
n

R
at

e
(c

m
ka

)
1
)

C
a

(m
g

kg
)

1
)

C
aC

O
3

(%
)

A
l

(m
g

kg
)

1
)

A
l-

M
A

R

(k
g

m
)

2
ka

)
1
)

N
i

(m
g

kg
)

1
)

N
i-

M
A

R

(k
g

m
)

2
ka

)
1
)

C
r

(m
g

kg
)

1
)

C
r-

M
A

R

(k
g

m
)

2
ka

)
1
)

M
n

⁄A
l

Ti
⁄A

l

H
IR

M
cf

b

(m
A

m
)

1
)

A
R

M
cf

b

(m
A

m
)

1
)

8.
36

2
3.

54
21

85
00

53
.5

42
58

0
53

41
45

.5
5.

71
17

1
21

.4
5

0.
01

66
0.

05
78

43
0.

22
9.

33

8.
33

6
2.

66
18

71
00

45
.8

46
24

0
32

80
83

.1
5.

89
12

2
8.

65
0.

00
85

0.
06

92
25

3.
25

25
.5

6

8.
32

9
2.

66
18

20
00

44
.5

44
14

0
31

31
90

.2
6.

40
13

0
9.

22
0.

01
03

0.
06

30
17

3.
40

26
.1

8

8.
31

7
2.

66
23

83
00

58
.3

31
17

0
22

11
79

.9
5.

67
12

2
8.

65
0.

01
52

0.
06

67
30

0.
74

41
.9

0

8.
31

1
2.

66
22

05
00

54
.0

34
65

0
24

58
68

.3
4.

84
13

7
9.

72
0.

01
48

0.
06

35
15

1.
31

30
.1

5

8.
28

6
3.

98
19

91
00

48
.7

44
35

0
70

12
77

.9
12

.3
2

15
3

24
.1

9
0.

01
06

0.
05

86
28

0.
67

6.
27

8.
27

3
3.

86
19

32
00

47
.3

43
50

0
64

72
11

0.
3

16
.4

1
12

5
18

.6
0

0.
00

85
0.

06
33

33
8.

99
6.

99

8.
26

7
3.

86
19

46
00

47
.6

44
29

0
65

89
90

.8
13

.5
1

12
4

18
.4

5
0.

01
09

0.
06

38
33

1.
90

7.
21

8.
24

7
4.

74
19

17
00

46
.9

51
76

0
11

62
5

82
.2

18
.4

6
12

3
27

.6
3

0.
00

78
0.

06
05

14
9.

81
13

.7
6

8.
24

3
4.

74
20

94
00

51
.2

47
22

0
10

60
5

86
.4

19
.4

0
15

3
34

.3
6

0.
00

80
0.

05
95

29
7.

41
29

.1
1

8.
21

6
3.

39
22

97
00

56
.2

38
98

0
44

80
74

.4
8.

55
10

5
12

.0
7

0.
01

14
0.

05
85

65
2.

60
41

.3
3

8.
21

0
3.

39
18

06
00

44
.2

50
28

0
57

78
70

.1
8.

06
10

8
12

.4
1

0.
00

86
0.

05
53

65
3.

71
31

.5
2

8.
19

3
3.

39
22

08
00

54
.0

43
46

0
49

94
93

.5
10

.7
5

15
6

17
.9

3
0.

01
14

0.
05

40
51

6.
42

40
.7

4

8.
18

0
4.

82
16

95
00

41
.5

46
68

0
10

82
6

10
3.

0
23

.8
9

10
1

23
.4

2
0.

01
71

0.
05

87
47

1.
13

28
.2

5

8.
17

7
4.

82
18

27
00

44
.7

49
04

0
11

37
3

57
.4

13
.3

1
91

21
.1

0
0.

00
62

0.
06

43
83

9.
88

28
.2

5

8.
17

3
4.

82
22

64
00

55
.4

40
13

0
93

07
53

.5
12

.4
1

87
20

.1
8

0.
01

32
0.

06
15

94
8.

71
31

.1
2

8.
15

8
3.

83
21

66
00

53
.0

46
94

0
68

98
94

.3
13

.8
6

11
0

16
.1

6
0.

01
35

0.
04

17
15

5.
72

28
.4

5

8.
15

5
3.

83
17

04
00

41
.7

45
81

0
67

32
86

.8
12

.7
5

14
5

21
.3

1
0.

01
03

0.
05

99
61

4.
49

30
.2

1

8.
15

1
3.

83
20

35
00

49
.8

43
20

0
63

48
74

.8
10

.9
9

13
0

19
.1

0
0.

01
00

0.
06

22
14

3.
79

27
.8

7

8.
12

9
2.

69
20

18
00

49
.4

51
18

0
37

04
55

.2
4.

00
13

8
9.

99
0.

00
99

0.
05

40
27

.2
2

12
.5

2

8.
12

5
2.

69
20

24
00

49
.5

49
72

0
35

99
60

.4
4.

37
15

1
10

.9
3

0.
01

02
0.

05
07

16
.2

3
11

.6
7

8.
12

1
2.

69
20

12
00

49
.2

46
94

0
33

98
79

.7
5.

77
96

6.
95

0.
00

99
0.

05
63

12
.1

6
12

.5
9

8.
11

6
2.

69
22

81
00

55
.8

41
66

0
30

15
72

.7
5.

26
14

1
10

.2
1

0.
01

12
0.

05
02

22
.0

8
15

.9
3

8.
10

8
2.

69
22

12
00

54
.1

41
97

0
30

38
84

.8
6.

14
13

7
9.

92
0.

01
33

0.
05

39
13

.9
6

13
.8

1

8.
09

7
2.

69
21

10
00

51
.6

44
72

0
32

37
72

.0
5.

21
17

5
12

.6
7

0.
01

13
0.

05
84

56
.7

2
14

.1
9

8.
09

1
2.

69
25

15
00

61
.6

36
63

0
26

51
74

.1
5.

36
10

5
7.

60
0.

01
64

0.
05

19
19

.7
3

15
.4

5

8.
08

5
2.

69
23

45
00

57
.4

36
13

0
26

15
73

.7
5.

33
11

2
8.

11
0.

01
31

0.
06

50
21

.1
8

11
.5

5

8.
06

1
2.

69
20

09
00

49
.2

44
73

0
32

38
91

.9
6.

65
18

7
13

.5
4

0.
01

16
0.

05
42

12
.7

0
16

.8
0

8.
04

8
2.

69
23

09
00

56
.5

39
99

0
28

95
10

4.
2

7.
54

13
8

9.
99

0.
01

65
0.

05
12

15
.5

2
14

.9
7

8.
04

2
2.

69
23

59
00

57
.7

40
48

0
29

30
69

.6
5.

04
12

6
9.

12
0.

01
30

0.
05

63
14

.6
1

11
.6

0

8.
03

8
2.

69
21

75
00

53
.2

47
15

0
34

13
91

.9
6.

65
16

9
12

.2
3

0.
01

09
0.

05
31

13
.7

7
11

.0
3

8.
03

5
2.

69
21

38
00

52
.3

44
50

0
32

21
65

.2
4.

72
12

2
8.

83
0.

01
10

0.
05

50
21

.2
9

9.
79

8.
00

4
3.

21
19

74
00

48
.3

48
91

0
50

48
62

.1
6.

41
12

4
12

.8
0

0.
00

88
0.

05
61

17
.7

4
8.

22

8.
00

0
3.

21
22

86
00

55
.9

43
64

0
45

04
44

.1
4.

55
76

7.
84

0.
01

26
0.

05
60

14
.2

1
8.

48

7.
99

7
3.

21
23

37
00

57
.2

40
36

0
41

65
70

.4
7.

27
12

8
13

.2
1

0.
01

32
0.

05
24

13
.8

3
7.

54

7.
99

1
2.

68
19

05
00

46
.6

46
23

0
33

25
10

7.
2

7.
71

15
3

11
.0

0
0.

01
05

0.
04

38
9.

35
7.

11

7.
98

9
2.

68
20

25
00

49
.6

47
96

0
34

49
93

.8
6.

75
16

2
11

.6
5

0.
00

99
0.

05
53

19
.4

0
7.

90

7.
95

7
2.

14
20

57
00

50
.3

43
98

0
20

14
76

.3
3.

49
12

0
5.

50
0.

00
87

0.
05

83
18

.8
9

6.
03

7.
95

2
2.

14
22

78
00

55
.8

38
88

0
17

81
74

.4
3.

41
15

3
7.

01
0.

01
18

0.
05

87
28

.3
5

8.
29

7.
93

4
2.

14
16

16
00

39
.5

41
91

0
19

19
28

4.
2

13
.0

2
17

3
7.

92
0.

04
54

0.
06

02
33

4.
18

7.
43

7.
91

5
2.

5
22

87
00

56
.0

40
97

0
25

61
76

.2
4.

76
12

3
7.

69
0.

01
34

0.
05

93
43

.6
0

8.
65

7.
91

2
2.

5
20

82
00

51
.0

49
04

0
30

65
57

.1
3.

57
12

9
8.

06
0.

01
06

0.
05

56
41

.9
2

7.
62

7.
91

0
2.

5
20

49
00

50
.1

48
51

0
30

32
65

.3
4.

08
99

6.
19

0.
01

02
0.

05
22

56
.8

1
7.

33

Eastern Mediterranean tectonic and climatic change • C. M. Köhler et al. Terra Nova, Vol 22, No. 1, 52–63
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